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4 MAY 1979

Bosorable Brendan T. Byrne
Governor of Hew Jersey
Trenton, $ Jersey 08621

Dear Governor Byrne:

• luclosed is th. Ph... I Inspection Report for Canoe Brook Reservoir No.2
Den in Rasen C0um2.y, New Jersay ubich ha. been prepared under atithorisation
of the Den Inspection Act , Public La~ 92—367 • A brief sasss nt of
th. den’s condition is given in th. front of th. report ,

Based en visual inspection , .veiL.bls r.c.rda, calculation. —
~~ past

operational performance, Gene. Brook Reservoir 8o 2 ~~. a high hazard
p.t tial structure , is judged to be in good overall condition . Since
char. is no natural f low into the reservoir , the Probable Ma~f Flood
is simply the precipitation directly on th. reservoir surf ace. Tb.
tr.sbo.xd cap.city of the reservoir is adequat. to contain the Probable
$sxiamm Precipitation. To insure adequacy of the structure , the following
actions, a. a ~~~~~~~~~ an rsco~~~nd.d:

*. Within six mouths from the Eats of approval of this report ,
engineering studies mod analyses should be p.xforesd to determine the
den’s ~~~ankasnt and foundation condition sad structural stability .
Thi. should includ, test borings to deternin. material properties relative
to stability and s.spag. . Any rs.sdial measures found necessary should
be initiated within calendar year 1980. The .sh*i1~~~ent top aid slopes
should be surveyed to establish the pre ent top alavation and width
and aid. slope. . The maximum operating level of the reservoir should
then be rsvisvsd based on ths result of the survey.

b. Tb. following r s dial actions should be completed within r30 day. of th. date of approval of this report:

(1) A downstream warning syston in conasction with Canoe
Brook Reservoir No. 1 Don should be established.
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b ootable Brenda. I. Byrne

(2) Irr.gv.l.niti. s, erestos scars aid eros. ~f missing riprap
as the ~~~..b.s.t should be repsixod.

c. Ths folla4ag r~~~dial satisma sh.sld be completed Within sin
~~~th. 1 the date .f approval of this report :

(1) Renews the growth of brush and tree. f rom the 4am
institute a pregr .1 regular brush iaioval.

(2) Initiate a prsgr to keep records of all .nimtt~~~~. - I
• operating s~~~ts.

4. Within year from the Eats .1 approval .f this report
sltsrnative matboda .f draining the reservoir including tuatsilettoit
of am.rs cy outlet should be investigated .

A c.py of the report La being furnished to Kr. Dirk C. Nofain, Na,
Jersey Depsrtmsst of thvtr i iutsl Protection, the d.sigasted Stats
Office contact for this program. Within (iwo days 01 the Lets .1 this
letter , a copy viii als. be seat to Csegr.s~~~~~a K.tllic.mt P ick .1
the Ptf th District • U.d.r the provisions .1 the Freedom of let .rmat to.
Mt , the imsp.ctios report witi be subject to relouse by this office,
apon rsqu.st, Li,. days at tsr tbs date .1 this latter •

Additional copies of this rep.ct may be .bt.i..4 from the Istionel
Isoheicel Inforust is. Services (NTIS) , Springfield , Vir ginia 22161
at a rsssessble co.t. Pleas. ellow four to six weeks (ron the Eats
of this latter fot NTIS to hews copies of the report available .
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øoaorabls $rs”d.~ I. Byrne

An important aspect of the D Safety Pr Ogram will be the impl ntatiOn

of the rscc~~~1stions ~~~s as a result of the inspsctiOn. vs accordingly

request that we be advised of proposed action taken by the State to

implaisot our rsc~__i~~at ioOs .

sincerely,

1 m c i  JAN15 C. ~~~~~~~~
-

As stated 
‘ Colossl, Corps of Bnginesrs

District g~gLneer

Copies fvrnish.d :
Dirk C. bof~~~. P.S., Dsputy Director
Division of Water Ps.osrcss
N • .1. Dept of ~~yirc~L~~tal Protection
P. 0. lox ~~029
Trenton, NJ 08625

Johe o’~~~ , Acting Chief
of Pleod Plain Ksaa$ 0t

Division of Water Lssourcss
1. .1. Dept. of Enviroomsst*l Protsctio5
P. 0. lox c5029
Trontos, NJ 08625

r
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CANOE BRUOk RESERVOIR NO. 2 DAM (14.100526)

CORPS OP ENCINEUS ASSESSN1WT OF GENERAL CONDITIONS

This d was inspected on 29 November , 16 D.c~~~er 1978 and 4 January
197~ by Jseny—Ls.dshtll Engineers , under contract to the Stats of New
Jer sey . Th. State . under agreamsot with the U. S. Army Engineer District ,
Philadelp hia , had this inspecti on performed in accordance wi th the
National Don Inspection Act , Public Law 92 -367.

Canoe Brook Reservoir No. 2 Dam, a high hasard potential structure , is
Jud ged to be in good overall condition. Since there is no natural flow
into the rsser voir , the Probable Max imum Flood I. simply th, precipitation
directly on the reservoir surface. Th. freeboard capacity of the
rss.rvoir to ad.quate to contain the Probable Maximum Precip itation .
To insure adequacy of the structure , the following actions , as a
minimum • are rec~~~snd.d :

a. Within six months fr om the date of approval of this report ,
engineering studies and analyses should be performed to determine the
dam’s embankment and f oundation coadition and structural stability . This
should include test borings to dstsrviae material properties relative to
stability and s..pag.. Any remedial usasurss found necessary should be
initiated within calendar year 1980. The embankment top sod slopes
should be surveyed to establi sh the pr .s.nt top elevation sad width
sad sids slopes. The maximum operating level of the reservoir should
then be reviewed baud on th. result of the survey .

b. The following remedial actions should be completed within
30 days of the date of approval of this rep ort :

(1) A downstream warning system in connection with Canoe
Brook t.servoir No. 1 Dam should be established .

(2) Irr gularities , erosion scare sod areas of missing ripr.p
as the embaskmsnt should be repaired .

c. The following remedial actions should be complet ed within six
months of the dat. of approval of this report ; 

-~~~~~~~~ _



(1) l.uo,e the growth of brush and tree, from the d andinstitut e a pro gram of regul ar brush removal.

(2) Initi ate a progr am to keep records of all maintenance andoperating events.

d. Wit hin one year from the date of approva l of this rep ortalternative methods of drai ning the reservoir including installationof am ~~~r$ency outlet should be investigated .

V 
~~~~~~~~~ /

APPft ~~pi ‘~~‘ ‘ 

~~~~~~ 
‘

/AIUS C. TUt
Colonel , Corps of Engineer.
District Engineer

DATE : “~ 79’
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PHASE I INSPECTION REPORT

NATIONAL DAM SAFETY P~ DGR .AM

Name of Da:~t: Ca noe Brook Reservo i r  No .  ~~~~,

I . D .  N o. N~ 3 O 5 2 t ~
State located : New Jersey
County located:  Essex
Stream : (Off-stream pumped storage)
Date of Inspection: November 29 , December 1t , lu’ S ,

and January 4, l~~74

B r i e f  Assessment of  General Condition of Dam

Visual inspection of the dam indicated the emba nkment
to be in ioc~i o ve r a l l  condition and ~‘itnout any c r i t i c a l
si’4ns of  dist ress. Erosion due to wave action ~s a contin-

~~~~~ p roblem in ce r ta in  areas of tne ocard slope of the
emb ankment , an~ there arc othe r eros~ on -problems and dama.~ie
of the crest and slopes due to foo t t r a f f i c .  The w i d t h
c f  ~ ie crest is i n o r d in a t e ly  narrow in niaces .

Since there is no natural flow into the reservoir ,

the Pro bable Maxim um Flood is simpiy the  p rec ioi tat ion
direct ly  on the reservoir  surface . The f re e b o a r d  capa-
city of the reservoir is adequate to cont~~ir .  t h e  Pr ob ab le
Maximum Precipitation .

The reservoir has no spiliway or emergency outlet

and can be completely drained only by pumping from the

reservoir into the Canoe Brook Reservoir N c .  1.

Recommendations and the urgency of their implementa-

tion are as follows :

1. In the nea r fu tu re , the embankment t op  and
slopes should be surveyed to establish the
present top elevation and width and side

s lopes.

1

L • 
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2. Eros ion scars and areas of missing riprap on

the embankment should be repaired as soon as

possible.

3. The maximum ope rating level of the reservoir should

be reviewed in light of future surveys of top of

dam e leva t ions.

4. Frequent vegetation removal should become a

c o n t i n u i n g  maintenance  operation .

5. Seepage and s t a b i l i t y  analyses of the dam should

be made in the nea r future .

6.  A downstre am warni ng system in connect ion wi th

Canoe Brook Reservoir No. 1 Dam should be
es tabl ished as soon as possible.

~T~nk L. Panu~Th, ~~ E.
Project  Manager

9878
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P REFACE

This report is prepared under guidance contained in the

S Recommended Guidelines for Safety Inspection of Dams , for
Phase I Investi gations. Copies of these guidelines may be
obtained from the Of f i ce  of Chief of Engineers , Washington ,
D. C. 20314. The purpose of a Phase I Investigation is to
ident i fy  expeditiously those dai~ts which may pose hazards  to
human l i fe  or property.  The assessment of the general con-
dition of the dam is based upon available data and visual

inspections. Detailed investigation , and analyses involving

topograph ic mapping, subsurface investigations , testing, and
detailed computational evaluations are beyond the scope of a

S 

Phase I investigation; however , the investigation is intended

to identify any need for such studies .

In review ing this repo r t , it should be realized that the

S reported condi tion of the dam is based . on observations of

field conditions at the time of inspection along with data

available to the inspection team. It is important to note

that the condi tion of a dam depends on numerous and constantly
chang ing internal and ex ternal conditions , and is evolution-

ary in nature . It  would be incorrect to assume that the
present condition of the dam wil l  continue to represen t the

condi tion of the dam at some poin t in the future. Only
through con tinued care and inspection can there be any chance
that unsafe conditions be detected.

Phase I inspections are not intended to provide detailed

hydrologic and hydraulic analyses. In accordance wi th  the
established Gui delines , the Spiliway Test flood is based on
the estimated “Probable Maximum Flood” for the reqion (great-

est reasonably possible storm runoff), or f r actions thereof .
The test flood provides a measure of relative spil iway capa-
city and serves as an aide in determining the need for more

detailed hydrologic an d hydraulic  studies , considering the

size of the dam , its general condition and the downstream

damage potential .
iii
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PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PRO G RAM

Canoe B rook Resorvc i r  No. 2 Dam
Federal I . D .  No. NJ 00526
New Jersey I.D. No. (None )

SECTION 1: PROJECT INFO RMAT ION

1.1 General

a. Authority

The National Dam Inspection Act , Public Law 92-367,

1972, provides for the National Inventory and Inspection

Program by the U. S. Army Corps of Engineers.  This re-
port has been prepared in accordance with this authority ,

S through contract between the State of New Jersey and

Jenny-Leedshili. Engineers. The State of New Jersey has

also entered into an agreement with the U. S. A rmy Engin-  S

eer District, Philadelphia , to have this work performed. 
S

b. Purpose of Inspection

The purpose of this inspection was to evaluate the

general structural integrity and hydraulic adequacy of
the darn , and to determine if the dam constitutes a hazard
to huma n l i f e  or prope rty .

1.2 Description of Pro j ect

a. Description of Dam and Appurtenances
- k

Canoe Brook Reservoir No. 2 Dam is essentially a roiled
ear th - f i l l  levee complete ly surrounding a reservoir. The
emban kment is 9,73C fee t long , i rregularly shaped but
roughly elliptical in plan . The crest width varies from
3 to 5 feet, and side slopes are approximately 1V :211 on
the inboard slope , and 1V:l-l/2H on the outboard side .

S 

1

~~~~~~~--~~~~~~~~ -~~~~
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Height o f the embankment varies from 7 feet to about

24 feet, but on the average is about 22 feet above the

reservoir bottom. Rock riprap covers the entire inboard

slope . At the time of inspection the reservoir was
nearly empty , with standing water only in the northern
h a l f .

There is no natural inflow into the reservoir , and
the dam contains no spiliway . Water is pumped into the
reservoir through an intake structure from the nearby

Passaic River.  Water may be pumped from the reservoir
through a 16—inch pipeline to Canoe Brook Reservoir No. 1

or it can flow by gravity through a 48-inch t ransfer
pipeline to the same reservoir. There are no low level
drains.

b. Location

The dam is located in Essex County , New Jersey , north
of the town of Summi t in Miliburn Townshi p. It is access-
ible from John F. Kennedy Parkway by way of Highway 24.
The location of the dam is shown on Plate 1.

c. Size Classif icat ion

The size of the dam based on its maximum height  of
24 feet and 2,384 acre—feet storage capacity is inter-
mediate. The criteria for size classification of dams are
set forth in the Corps ’ Guidelines . An intermediate size
dam is one in which the reservoir capacity is greater than
1,000 acre-feet and less than 50 , 000 acre—feet , and/or the
maximum height is greater than 40 feet and less than 100 feet.

d. Hazard Classification

It is found that the present high hazard classi-
fication of the dam is merited , since if a breach should

occur for any reason during non-flood season , the large
volume released could develop a substantial size opening

and a resul ting large dischar ge. Excess ive inunda tion
and serious damage and possible loss of more than a few
lives could result in Hanover Township (pop. 11,000) four

miles downstream. On the other hand , during floods,

55

V



- - _ - —
~~
-_

~~~~~~
- -  _ _

out f low from a breach in the dam would be reduce d by
ta i lwater e f fec ts  of the Passaic River , and incremental
effects of this reduced outflow may not be significant

in the downstream areas.

e. Ownership

The dam is owned and ma intained by Commonwealth
Water Company , 233 Canoe Brook Road, Short Hills, New
Jersey.

f. Purpose of Darn

The dam and reservoir provide storage of untreated
water pumped from the Passaic River. Along with other

sources , the water is used as a potable supply for gen-
eral use in an extens ive service area in northeastern
New Jersey.

g. Design and Construction History

The darn was constructed in 1938 and has remained
substantially unchanged since then except for maintenance
work on the embankment.

h. Normal Operational Procedures

The reservoir is operated in conjunct ion with  Canoe
Brook Reservoir No. 1, into which all water from the
Reservoir No. 2 either flows by gravity or is pumped.

The maximum operating level of the reservoir is 188.5
feet elevation ; however, the water level is usually main-
tained at a much lower level , so as to maintain a maxi-
mum water level in Reservoir No. 1. Dur ing times of
water shortage, the reservoir may be very low or near
empty .

1.3 Pertinent Data

a. Drainage Area - 113.6 acres (reservoir surface area

only)

b. Discharge at Damsite - No natural discharge

3
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c. Elevat ion  (ft. above MSL)

•Top Dam 193.5
•Maximum pool 188.5

.48-inch diameter transfer pipe invert 174.5

•Minimum reservoir elevat ion 164.54

d. Reservoir  S

.Length of maximum pool 3500 feet

e. Storage (acre-feet)

Maximu m dcsiqn pool 1816
STop of dam 2 384

f. Reservoir surface (acres)

•Top dam 1lS.~
.Maxjmum pool 113.6

q. Dam

Rolled earthfill

.Lenqth 9700 feet

.Ueight Va t  ies from 7 feet
to 29 fee t

- Top wid th  Varies from 3 feet
to 5 feet

•S ide slopes lV:2H inboa rd ;
1V: 1½H outboa rd

.Zoning None

•Imperious core None 
S

S .Cutoff None

.Grout curtain None

h . Reg u l a t i n g  Ou t let s

1. Type : 48 inch concrete p i pe to Reservoi r  No. 1

Length: 780 feet

Control: 2 — 48 inch diameter butterfl y valve s

2. Type: 1 - 16 inch d iam et e r  out le t  pipe to
Reservoir No. 1

Pump capacity: 10 mqd nominal

4
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SECTION 2 : ENGINEERING DATA S

2.1  Design

a. Geological Conditions

Canoe Brook Reservoir No. 2 is located wi th in  the New 
S

Jersey Piedmont Lowland physiograthic province . The re-
gional geology of this province is discussed in Appendix C
to this report.

This reservoir lies just west of the Second Watchung

Mountain in the area occupied by both the tlisconsin Age
glac ier and Glacial Lake Passaic. Glacial Lake Passaic

was formed between the Second Watchung Mountain on the
east and south , th e Highlands on the west and the edge of
the glacier on the north . The re fore , a t ypical soil pro-
file in the reservoir area is likely to consist of glacial
tills on top of the bedrock , an overlying layer of rela-

tively coarse , stratified alluvium outwash , and a topmost

layer of fine sandy silt and silty fine sand which repre-
sents the fine grained “rock flour ” sediments carried from

the glacier as it retreated . It is these finer-grained

lake deposits which form the relatively flat plain upon

which the Canoe Brook Reservoirs are constructed . These

sediments have a relatively low permeability which , along
with a high water table , accounts for the numerous swamps ,
ponds and puddles seen on the flat ground around the
reservoirs . In certain areas one or more of these soils
may be very thin or missing while another predominates at ¼

the surface. A layer of organic deposits should be ex-
pected in the swampy areas .

No bedrock exposures were seen near the perimeter of

5
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the reservoir embankment . However , it is known by pro-
ject ion that  the Brunswick fo rm at ion  of sandstones and
shales underl ies  Reservoir  No. 2. Logs of several water

wells drilled in the area between Canoe Brook No. 1 and

No. 2 are shown on Plate 5 and locations of these wells

are shown on Plate 6. The logs indicate soils of clay
and sandy clay near the surface and bedrock between 60
to 140 feet  dep th .

Since the area lies w i t h i n  Seismi c Zone 1, on ly

minor damage may be expected f rom distant earthquakes .
No active faults are known to exist in the immediate v~-

cinity nor surroundi~~ area of the dam .

b. Design History

No data are available pertaining to the oriaina l

design of the dam or any subsequent maintenance work.
In plan , the dam is essentially as depicted on Plate 2.

Typical sections of the embankment were not available 
S

from the owner. However , based on sect ions of Can oe S

Brook Reservoir  N o .  1 Dam and f i e l d  o b s e r v a t i o n s,  the embank-
ment  design is believed to be as represented on P l a t e  3 , i.e.,

with  inboard slopes of lV : 21-i , outboard slopes of IV: 1-1 2H
and 5-foot top w i d t h .

No data are availab1~ on the design of any of the
outlet or inlet pipes , other than the cross section of

the 48-inch diameter transfer piee connecting the reser-
voir with Canoe Brook Reservoir No . I (~‘1ate 4) . rhis con-
crete t r a n s f e r  pipe is e l eva ted  th roughou t  the reach between

the two reservoirs , and is protected from flotation dur- r

ing flooding by steel straps at regular intervals anchored

to piling . The pipe has a blowout valve between the reser- S

voirs and a butterfly valve at each reservoir embankment.

When the reservoir level falls below the invert of

6
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the 48-in ch t r a n s f e r  p ipel ine , w a te r  must  be pumped to
Reservoir No. 1 via a 16-inch steel pipeline . A suction

pump provides 10 mgd capacity .

Th e inlet  from Passaic River consists of a pump
station , screens and two 24-inch and four 20—inch dia-
meter steel pipelines . Flaps on the outlets of the
pipes prevent backflow . Nominal pump capacity is 80 mgd

and maximum is 100 rngd .

2 . 2  Cons t ruc t ion

No records of construCtion are avai lable .  No soils
tests are known to have been made of the embankment
material. It was reported that the borrow material was

- 
derived f rom excavation with in  the present reservoir .
Logs of nearby water  wells indicate the near sur face
soils to be clay and sandy clay (Plates  5 and 6 ) .

2 . 3  Operation

Daily records of reservoir levels and wi thdrawals
are maintained by the owner. There are no moni to r ino
devices or survey markers on the dam .

2.4 Evaluation 
S

a. Availability

Data are not available on the or iginal desi gn or
construction of the dam and no data are available on sub-
sequent repair or maintenance work . All available data

are listed in Appendix A.

b. Adequacy

Available data are insufficient to adequately evalu—
ate the design . Calculations relating to the structural
design of the dam or the stability of the as-built struc—
ture are not available.  N othing is known of construct ion
methods , testing methods , as-built material properties ,

or foundation conditions .

~~ -~~~~~~ -~~~ - ~~~~~~~~~~~~~ -
~~~~~~ 
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c. Validity

The limited data that are available are believed to
be valid. The plan of the dam , as represented on Plate 2
was drawn in 1963 , but the date o f the topogr aphic sur-
vey is not known. The typical section of the dam , Plate 4,
is ‘.nferred .

8
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SECTION 3: VISUAL INSPECTION

3.1 Findings

a. General

The visual inspection of Canoe Brook Reservoir No. 2

Dam was made on November 29 , 1978, and subsequent inspec-

tions made on December 16, 1978 and January 4 , 1979. Th e
reservoir was nearly empty , with the water surface ele-
vation at the t ime of inspection estimated to be about
172 f t . ,  or approximately 21 f t .  below the top of the

S 
dam . Water was being pumped into the reservoir from

the Passaic Rive r and from the reservoir into Canoe
Brook Reservoir N o. 1 at the time of the inspection .

The visual inspection did not reveal any critical

signs of distress in the darn forming the manmade corn-
poundiuent . Several locations were noted where wave

action or erosion along footpaths had occurred; however ,
in general the dam appears to have been maintained well.

Detailed inspection was made of the darn , appurtenant
structures, re servoir area and the downstream channel.
Descriptions of the findings of these inspections are
summarized in the paragraphs which follow. The check
list of visual inspection items is included in Appendix

A. Geologic and foundation conditions observed at the

time of the inspection are noted in greater detail in
Section 2.1.

b. Dam

The dam was inspected for signs of settlement, seep-
age , erosion , cracking and any other evi dence of unde-
sirable behavior which might affect the stability of the

structure.

S -- S~~
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To a minor extent wave action has eroded and under-

mined the inboard slope of the embankment on the south-
eastern shoreline of the reservoir (Photo 1) .  This has
resulted in some steepening of the upper part of the

slope in places (Photo 2).

The embankment crest is rather narrow in places,

less than the presumed design width  of 5 feet (Photo 3).

This narrowness may have resulted from erosion.

Several locations were noted where troughs in the
embankment have been eroded by foot traffic of persons

gaining access to the reservoir for fishing. At some

S 
of these locations riprap has been dislodged from the
inboard slope (Photo 4 ) .  In general , the r ipr ap sl ope

S is well maintained .

S The inboard slope and crest of the embankment were

generally clean and free of vegetation growth. In cer-

tam areas, particularly on the eastern side of the

reservoir , the outboard slope was covered with brush and
small trees (Photo 5). The owners reportedly cut the
vegetation at 5-year intervals .

No evidence of seepage could be detected . The em-

bankment materials appear to be stiff and impermeable.

S c. Appurtenant Structures

A 48-inch transfer pipeline to Canoe Brook Reser-

voir No. 1 passes through the embankments of both reser-

voirs with flow through it controlled by valves located 
S

in each embankment. At the time of the inspection the

invert of the 48-inch pipe was well above the reservoir

water surface so that any seepage through the embankment

along the sides of the pipe when submerged could not be

examined (Photo 6 ) .  The pipeline is elevated in the
swampy area between the reservoirs (Photo 7).

Water f rom the reservoir was being pumped to Canoe

10
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Brook Reservoir No. 1 at the time of inspection through

a 16-inch pipel ine,  the in let o f whi ch was submerged and
S could not be observed .

Water ~ss being pumped into the reservoir f ro m the
Passaic River at the time of inspection (Photo 8). Water

S enters the reservoir through 6 steel pipes having flaps

on their outlets to prevent backflow (Photo 9).

Washwater from the treatmen t plant filters is re-

turned to the reservoir at the rate of 0.5 mgd through

16—inch and 24-inch pipelines (Photo 10).

d. Reservoir Area

The reservoir is man-made with its perimeter com-

pletely formed by earthen embankment; thus there are

no natural slopes leading to the reservoir. There was

standing water only in the northern , deeper, half of

the reservoir. The water appeared clear , without odor

and only mino r debris was observed. A number of tree

stumps were exposed in the southern , dry , half of the

reservoir (see Overview Photo).

e. Downstream Channel

No downstream channel, as such, is associated with

this  dam because the embankmen t completely surro unds
5 the reservoir. Discharges from the reservoir in the

S event of embankmen t failure would flow around the em-

bankment in a direction of the lowest ground surface

elevation.

In general the areas surrounding the embankmen t
are fl at and consist of wooded areas and swampland .
The Passaic River is a few hundred feet outside the

western and no rthern embankment, and the small stream ,
Canoe Brook, pa rallels the eastern embankment. The
community of Florham Park lies north of the reservoir

and appears to be on land which is generally higher

11
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in elevation than the darn (Plate 1) , but other houses are
further downstream on the Passaic River in Hanover Town-
ship that could be endangered by flooding .

I
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4 .1  Procedures

(‘a noc I~ rook Rese: ye i i  No .  2 Pam i mpou n~1~ w a t e r  pumped
from the  Pass a i c River. ~~i t e:~ i norma I l y pumped i n to

the ro:;e rvoi r dur i nq the per led Oet ober I to June 1 and

i s limited by mi iii mum f I ow r est  r jet i ons  t h a t  must  be
maintained in t h e  r i \ ‘er . The max i mum r a t e  of d i v e r s  ion is

100 mgd. From Reservoir No. 2 w a t e r  e i t her  f l o w s  by
g r a v i t y  i n to  Rese rvo i r  No.  1 t h rou qh  a 4 8 - i n c h  t ransfer

p i p e l i n e , or i t  is pumped at the  r a t e  of 10 mgd to Reser-

voir No. 1 through a 1 6 — i n c h  p i pe l ine  when the reservoir
level f a l l s  below the i nver t  of t h e  4 8 — i n c h  l i n e . 

S

From Rese rvo i r  No. 1 w a t e r  i s wi t h d r a w n  , t r e a t e d  and
S 

d i  s t  r i bu t  ed t h r o u g h  t he Conm-tonwea 1 th  Wa t  er Company sys t em.

I t  may a l s o  he pumped f rom t h a t  reservo i r  to Canoe I~rook

Reserve  i r No. 3 , 2 miles nor th  of Reserve i rs  No.  I and 2
The Canoe brook Reservoirs are opera ted  i n  such a manner
as to m a i n t a i n  the max imum p o s s i b l e  w a t e r  l eve l  i n  Canoe
B rook Reservoir No. 1 by r e l e a s i n g  or p u m p i ng  w at e r  f r o m
Reservoir No. 2.  T h i s  i s done to m i n i m i z e  t h e  p u m p i n g

head from Reservoir No. 1 into the  t r e at m e n t  p lant and t o

allow capacity in the Reservoir No. 2 for pump i ng  f rom the

Passaic River. Thus the water level in the Reservoir No. 2

is often below the maximum operating l evel of e l e v a t i o n

188.5 feet. Records of reservoir operation are kept on a
S daily basis.

4. 2 Ma i ntcnance of Pam

The OWfl CI S r e por t  ed ly conduct -  a mont  i i i y v i  sua I I nspec—
t ion of the  dam.  One of t h e  j~ r I m i l y  

~~ 
rposes of the

inspec t ion  i s  to observe t h e  (‘end i t  ion of the vi prap

w h i c h  is sub jec t  t o wave eros i on and di  s t  odq i nq by

13
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trespassers. Riprap has apparently been regularly

replaced over the years.

Other than the slab staff gage, there are no in-

strumentation or n~ nitor ing systems of the darn or reser-
voir.

The owner s cut the vegetation from the embankment
S of the dam at 5-year intervals. They reportedly are

planning to increase the frequency of such maintenance.

4.3 Maintenance of Operating Facilities

Intake and outlet facilities appear to be regularly
maintained and in good working condition. The valves

controlling the 48-inch transfer pipeline are reportedly

operated about 50 times per year.  The treatment plants
have been subjected to periodic flooding of the Passaic

S River and the lower windows of the building have been
bricked in to provide some flood protection.

4 .4  Description of Warning Systems
S There is no warning system or emergency contingency S

plan in event of failure of the dam. Neither is there

any area-wide coordinated flood warning system, although

it is reported that certain communities in the Passaic S

basin are initiating their own individual warning systems.
Spring flooding of the Passaic is a frequent occurrence ,
and it is not unusual for flood waters to inundate the
area surrounding the dam embankment.

4.5 Evaluation of Operational Adequacy

t There is presently no way to lower or drain the r
S reservoir other than by gravity flow or pumping into

Canoe Brook Reservoir No. 1 and thence through the
S 

owner ’ s water distribution system. This condition im-

poses a limitation on emergency operational flexibility .

Main tenance of the inlet and outlet facilities appears

14 
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to be good , and maintenance of the embankmen t is reason-
ably good.
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SECTION 5 : HYDRAULIC/HYDROLCGIC

5.1 Evaluat ion of Features
S a. Design Data

As already stated , Canoe Brook Reservoir No. 2 Dam

is classified as high hazard and intermediate in si:e.

In accordance with the Corps of Engineers ’ , the “Recom-

mended Guidelines for Safety Inspection of Dams ,” the

Soiliway Design Flood (SDF) is the Probable Maximum

Flood (PMF) .

Canoe Brook Reservoir No. 2 is contained within a

man—made dike that is continuous for the entire circum-

ference of the reservoir. The height of the dike varies

from a minimum of about seven feet to a maximum of about

S 

twenty—four feet. Water is supplied to the reservoir by

pumoing from Passaic River. Hence reservoir storage is

completely controlled except for contributions that occur

as precipi ta t ion direct ly on the reservoir sur face .
5 Canoe Brook Reservoir No. 2 is shown in p lan on P la te  2.

It is reported by the owner that the maximum operating

water surface elevation of the reservoir is 188.5 feet.

The capacity of the reservoir at this maximu m operating
leve l is reported by the owners to be 1816 ac r e—fee t .

S The surface area of the reservoir is 113.6 acres. The
top elevation of the impoundin~ dike is reported by the

~~ners to be 193.5 feet; hence , emb ank ment f reeboard above
S the maximum operating leve l is 5.0 feet. The reservoir

has no sp il iway .  The storage capacity cu rve for  Canoe
Brook Reservoir No. -

~ is shown on Plate D—l , Appendix D.

1 .

— A _ ~~~~~~~~~~~~ — - — —-—I—

.

- —- ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ ~~~~.—.- — - . - ________________________



The Probable Maximum Flood (PMF) entering the reservoir

is the Probable Maximum Prec ip i ta t ion  (PMP ) w i th  no reduc-
tion allowance for infiltration. The PMP was calculated

using Hydrometeorological Report No. 33 with a Hop Brook
reduction factor of 0.80 for misalignment of the storm.

With concurrence of the Corps , PMP values for a 10 square mile

drainage basin were used even though the reservoir surface
area is 0.18 square miles. The cumulative PMP for  various
durations is shown in the following tabulation. Calcula-

t ions suopo r ti n g these fioures are presentec~ in Ar,oendix P.

Duration , Hours PMP , Feet
6 1.7 S

12 1.8
24 2.0

48 2.1

Under the assumption that the freeboard of the reser-
S voir is 5.0 feet, the embankment design is caoable of

containing the 48—hour PMP .

Drawings obtained from the owner and discussions with

the owner indicate there are no drains for the reservoir.

Assuming there are no drains , the only means of emptyina h
the reservoir is via ~ravity ~1ow or pumping to Canoe

Brook No. 1 Reservoir. In the event th~ t Reservoir No. 1

is fu l l , then deliveries out of Reservoir No. 2 can only
be at the rate that water is b e i n g  delivered to customers 

‘

S

out of Reservoir No. 1. This rate is reported t~~ averace
about 60 acre—feet per day. Assuming this average rate ,

the reservoir could be dra ined in about 30 day s.

b. Experience Data

Reservoir elevation records are available for Canoe

Brook Reservoir No. 2. The reservoir is maintained at

its lowest water surface elevation whenever oo~si’~1e so

that water can be diverted from Passaic Rive r into the

17
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system and so that the water surface in Canoe Brook Reser-

voir No. I can be maintained at hydraul ical ly  favorable
high levels. During high runoff months , Reservoir No. 2

is normally above its minimum level because Reservoir No. 1

is frequently near its maximum level. There is no evidence

that the embankment has ever been overtopped .

c. Visual Observations

Other than the company ’s treatment facilities , there

are no developments around or immediately downstream of 
5

the reservoir. The Passaic River nearly borders the

reservoir on two sides and Canoe Brook closely parallels

a third side. Terrain between the reservoir and the

two streams is gently sloping and heavily wooded.

Some areas along the reservoir side of the embank-
ment are slightly irregular due to wave action. The

fetch of the reservoir is about 0.6 miles .

d. Overtopping

The design reservoir freeboard above the maximum

operating level is adequate to contain the PM? without

overtooping. Assuming the reservoir can be drained at

the rate of 60 acre—feet  per day . the reservoir level
can be lowered at the rate of about 0.5 feet oer day .

Because the PM? can be completely contained within

the freeboard storage the embankment design should be

considered as hydrologically adequate .

18
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SECTION 6: STRUCTURAL STABILITY 
5

6. 1 Evaluation of Structural  S tab i l i ty

a. Visual Observations

The embankment appears to be in generally good
‘condition. Slopes are reasonably uniform and the in-

board riprap , with minor exceptions , is well maintained.

Wave action has cut the southeastern embankment to a 
S

minor degree. No vertical deflections in the crest

could be detected , but the crest is some places is only

about 3 feet wide , possibly due to erosion .

Vegetatia~ growth on the outboard slopes is a poten-
tial problem in some areas .

b. Design and Construction Data

Al most nothing is known of the desi gn or construc-
tion of the dam. Although slopes visually appear

uniform , the true cross-sectional configuration is not

known. Nothing is known of as-built embankment materi-

als. No hydraul ic or hydrologic computations are known
to exist .

c. Operating Records

The daily measurements of water levels made by the
owner provide a good record of the reservoir operation .

The lack of instrumentat ion to detect seepage or
adverse pore pressures does not appear to be a serious
inadequacy in view of the apparently negligible seepage
losses.

Of some concern is the lack of any recent surveys

19
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to determi ne the present too of dam elevation and side
slopes . Such surveys are needed to assess the ad eq uacy of the
freeboard and the structural stability of the embankment S

slopes .

d. Post—Construction Changes

No major pc,t-construction changes are known to have
been made . Routine maintenance plus deformation and
erosion over the years have undoubtedly resulted in some
deviations from the design configuration of the embankment .

e. Seismic Stability

The dam is located in Seismic Zone 1 in which it
may generally be assumed that there is no hazard from
ear thquake , provided s t a t i c  stability conditions are
satisfactory and conventional safety margins exist.
Static stability conditions of the dam are unknown and
must be determined by fu ture  analyses .

20
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SECTION 7: ASSESSMENT , RECOMMENDATI ONS
AND PROPOSED REMEDIAL MEASURES

7.1 Dam Assessment

a. Safe ty

At the elevation of the top of the dam as indica ted
from available data, the freeboard is adequate to contain
the Probable Maximum Precipitation falling on the reservoir

surface .

The width of the crest is inordinately narrow in

places. Side slopes appear to be reasonably uniform

and to conform to presumed design slopes.

The growth of vegetation at certain places on the

outboard embankment is undesirable and could lead to S

piping problems if unchecked .

b. Adequacy of Information

Data are insufficient to evaluate the stability of

the dam , since almost nothing is known of the design or

construction methods . It is not known when the embank-

ment was last surveyed , so that the crest elevation and
side slopes are not known with certainty . Information

on the inlet and outlet structures and on the operation

of the reservoir are generally adequate .

c. Urgency

A survey of the dam and seepage and stability analyses
5 

should be performed in the near future. Vegetation removal

should also be started in the near future .

Irregularities and eroded surfaces on the crest and

slopes should be repaired as soon as possible . S

21
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~1ternative methods of draining the reservoir should
be investigated in the fu t ure .

d. Necessary for Additional Data/Evaluation

Corps of Engineers Guidelines require that , in general ,
seepage and stability analyses should be on record for
all dams in the high hazard category . It is recommended
that soil borings and laboratory tests should be performe d
to determine pe rtinent physical properties of the em-
bankment and foundation materials  so that  seepage and
stabili ty analy ses can be made .

A survey of the darn, including top of dam elevation ,
S side slopes and outlet locations is needed to assess the

structural integri ty of the dam and the danger of over-
topping at low points along the crest in event of a
Probable Maximum Flood.

7 .2  Remedial Measures

a. Alternative s

It is re commended that  the owner investigate atler-
native methods of draining the reservoir , including

ins t a l l a t i on  of an emergency ou t le t .

b. Ope ra t ic .”i and Maintenance Procedures

It is recommended that the owner perform the following
operation and maintenance work :

.1. Repair any erosion scars , deformations and settle-
ment areas as indicated by a survey of the
embankment , so that the embankment top elevation ,
width of top and angle of slope conform to the
original design .

22
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2. Remove the growth of brush and trees from the 
S

dam and institute a program of regular brush
removal.

3. Keep records of all maintenance and c~erating

events .

4. The maximum operating level of the reservoir
should be reviewed in light of future surveys
of top of dam elevations.

5. A warning system should be implemented in 
S

cooperation with downstream authorities and
should be coordinated with Canoe Brook
Reservoir No. 1.

23
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APPENDIX B

PHOTOGRAPHS
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Photo 1 — Southeastern shoreline in area subject
to most severe wave action . (11-29-78)
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Photo 2 - Southern embankment , showin g
wave—cut inboard slope. (11-29-78)
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Ph oto 3 — Northweste rn enibankmcn t 1 c’ck i ii q Wt ’show ing narrow crest  w i~1th . ( 1 1 — 2 t l — T ~~)
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Photo 4 — Dislod ged F i p I 5 - I~~ 0)1 n e rt h e r n
inboard s lope. (1 1—~~~— 7~ )
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Photo 5 — Eastern embankment looking north ,
showing vegetation growth on outboard slOpe .
(11—29—78)
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Photo 6 — In le t  ot  4 8 — i n c h  transfer pipeline
connecting Canoe Brook Reservoirs  Nos . 1 and 2 .
( 1 1 — 2 9 — 7  8)
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Photo 7 — Elevated por t ion  of  4 8 — i n L -h t r a ns f er
pipe line , looking toward C5-moo Brook Resei-~-oi r
No. 1. (11 2 9 — 7 8 )
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Photo 8 - Passaic River at in tak e st r u c t u re .Pump s ta t ion to l e f t  of we i r .  ( l l - 2 ’) - 7 8 )
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Photo 9 — Outle t pipe s from Passaic
River pump station . (11—29—78)
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Photo 10 — Outle t p ipes for r e tu rn  f low of
washwater from tr eatment plant filters.
(11—29—78)
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APPENDIX C

REGIONAL GEOLOGY - PIEDMONT LOWLANDS
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REGIONAL GEOLOGY - PIEDMON T LOWLANDS

Phys iography

The Piedmont Lowlands Province of New Jersey lies
northwest of a line approximately between Trenton and
Perth Amboy and southeast of an approximate line between
Milford on the Delaware River and Mahwah near the New
York State border . Physiographically , the p rovince
is situated between the predominantly Precambrian age

S 
New Jersey Highlands Province to the northwest and the
typically unconsolidated Creataceous age and younger
sediments of the Coastal Plain Province to the south-
east. (See Figure C-i) .

Bedrock

The Piedmont Lowlands , encompassing about one-
f i f th  of the state , is characterized by northwestward
dipping bedrock composed of in terbedded red shales ,

siits tones and sandstones of Triassic and Jurassic age
and igneous basalt extrusions (lava flows ) and diabase

intrus ions of Jurassic age . The sedimentary rocks have
been eroded to a broad southeastward s loping piedmont
plain. The northwest border of the province is a north—
cast-southwest trending faul t  zone ( Ramapo Fault)
which truncates the sedimentary beds . Total vertical

S 

displacement on the fault  may reach 10 ,000 feet.

The gently rolling lowland topography of the piedmont
lowlands is pierced by long asymetric ridges of hard
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and resistant igneous rocks which were intruded into or
on top of the sedimentary sequences . With the subse-
quent erosion of the softer  sedimentary rocks , these
igneous formations have been le f t  standing, often in
bold rel ief , up to 400 f t .  above the surrounding plains .
The - - 

I~us bodies composed of diabase and basalt form the
Pa 1isad~ ’ along the Hudson River and the three Watchung
Mounta in  r idges of the central Piedmont. The ridges
are all s teeper on the southeast with gentle dip slopes
to the northwest.

Overburden

The P leistocene Age W isconsin continen tal glacier
has smoothed and filled approximately the northern half
of the province . The terminal moraine of the glacier
extends from Perth Amb oy to Summi t then northwest-
ward to Morris Plains . North of the morainal line the
soils characteristically consist of glacial tills over-
lying the bedrock with scattered overlying stratified
outwash deposits . At leas t three large glacial lakes
occupied porti ons of the area north of the moraine at
different periods , resulting in a relatively f la t  H
topography composed predominantly of silts and clays .

South of the terminal moraine , most of the over-
burden consists of alluvial deposi ts overlying a more
highly developed weathered transition zone on top of the
bedrock . Some high ly weathered tills of pre-Wisconsin
glaciation can be found on the top of intervalley ridges .
Much of the alluvium is glacial outwash.
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APPENDIX D

HYDROLOGIC & HYDRAULIC COMPUT~ TIONS
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CIJCK LIST
HYDROL&)C IC :\~~ ) ~(YD 3.’5-U L tC DATA

E~GINEERING DAT4\

DRA L~AGE A REA CHARACTERIsTtCS: Reservoir surface only

ELEVATION TOP ~ )R~1AL POOL (STORAGE CAPACITY): 188.5 feet

ELEVATION TOP FLOOD CONtROL POOL (STORAGE CAPACITY): No flood control pool

ELEVAT ION ~iAX ]~t~?-1 DESIGN POOL: 188.5 feet

ELEVAT ION TOP flAZ~: 193.5 feet

CREST :

a. Elevation 193.5  fee t
b. Typ e Earth
c. Width 3 to 5 feet
d. Length 9700 feet
e. Location Spillover None
f. Number and Type of Gates No ne

OUTLET WORKS:

a. Type 1—48” Dia. transfer outlet and 1-16” Dia. suction outlet.
b. Location Both near northwest corner of reservoir~

.‘ c. Ertt r auce inverts 174.5 feet ( 16” Dip .  unknown )
d. Exit inverts 174.5 feet (16” Dia. unknown )
e. Emergancy draindo~.rn facilitie s W*’r~e

H~~~~~~~TEOROLOGICAL GAGES: Not known
a. Type
b. Location ________________________________________________________
c. Records __________________________________________________________

M.~X~~1UN NON-DAMAGING DISC~IARGE- 
Not applicable
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